phenyldicoumarol is similar to dicoumarol and to the flavones obtusifolin (Narayanan, Zeichmeister, Rohrl & Hoppe, 1971) and urarinol (Hufford, Lasswell, Hirotsu & Clardy, 1979) , all of which also contain dissymmetric intramolecularly H-bonded molecules.
Packing in phenyldicoumarol is related partly to the arrangements found in both dicoumarol and dibromodicoumarol. A unit-cell drawing (Johnson, 1976 ) is given in Fig. 2 . Coumarins on different molecules related by the screw axes along a (the short axis) pack at the nominal 3.5/~ separation, as in dibromodicoumarol (P4~2~2) where a similar intercoumarin spacing is found between screw-related molecules along one of the two short axes. In dicoumarol (P2~/c), a similar intercoumarin spacing is found along the short axis but between glide-related molecules.
Support under grant MS-86-G-4 from the Mississippi Affiliate of the American Heart Association is gratefully acknowledged. The solution of the structure showed that one of the two crystallographically independent acid molecules is deprotonated with the proton transferred to the piperidine N atom; the independent acid molecules have fully extended zigzag conformations and form tight H-bonded dimers. The cations are linked through H bonds into infinite chains which are stacked along the a axis to form sheets parallel to the ab plane. The acid dimers are intercalated between the cation sheets and have an antiparallel arrangement, thus producing bilayers. The carboxylic group of the undissociated acid does not assume the usual synplanar conformation. The piperidine ring of the cation is a largely distorted chair owing to the steric repulsion between the intramolecular overcrowded atoms.
Introduction. 2,2,6,6-tetramethylpiperidin-4-ol (TMP) is a prime member of the group of derivatives containing the 2,2,6,6-tetramethylpiperidin-4-oxo moiety which has recently attracted considerable attention in view of the discovery that quaternary salts of many of these bases with fatty acids act as light stabilizers for polymers. A number of German, US and Soviet patents have been granted on this subject. Though highly desirable, detailed crystallographic reports on the bonding in these novel systems have not yet appeared in the literature. Therefore, as part of our serial studles on the interaction patterns between fatty acids and TMP bases, we report here a structure determination of a TMP-dodeeanoic (laurie) acid (1/2) complex (T-5). It was prepared by mixing at room temperature equimolar amounts of TMP and laurie acid (LA) dissolved in diethyl ether.
Another interest focused on TMP derivatives follows from the fact that these are versatile intermediates in a number of organic syntheses of industrial interest (Scott, 1983; Jachontov, 1984) . The bonding of four methyl groups to the piperidine ring results in a very crowded molecule whose steric strain is mainly relieved by considerable distortion of a 'chair' form or even by adopting twist or boat conformations. Thus, all three conformations have been found in the crystal structures of free-base forms of TMP and related analogues (Tamura, Sato & Yoshioka, 1969; Berliner, 1970; Bordeux & Lajzrrowicz, 1974; Sato, Yoshioka & Tamura, 1975; Cygler, Grabowski, Skolimowski & Skowrohski, 1978) .
Experimental. Single crystals of T-5 obtained by crystallization from acetone solvent; colourless platelike crystal: 0.40 x 0.30 x 0.05 mm, D,, by flotation from bromoform/cyclohexane; systematic absences 0k0 for k odd from Weissenberg photographs; Syntex P21 diffractometer; accurate unit-cell parameters by least-squares refinement of 11 reflections, 15 < 9 < 40°; intensity data (h = 0 to 7, k= 0 to 9, l=-23 to 23) collected with Cu Kct radiation, 0-20 scan, each reflection scanned at variable rate from 1 o (in 2~ below K~q peak to 1 ° above Ka 2 maximum, backgroundto-scan-time ratio=l.0; two standard reflections measured every 98 reflections: no significant systematic fluctuations; 1993 unique reflections, 2 </9 < 50 °, 1821 with I> 1.96a(/) considered as observed and included in the refinement; Lorentz-polarization but no absorption or extinction corrections.
Solution of the structure was not routine: during many initial attempts to solve the structure with several computerized direct-phasing multiple-solution methods (e.g. MUL TAN, MAGEX, RANTAN) E maps uniformly showed only two 'infinite' parallel chains per asymmetric unit. Verification with the point-atom origin-removed Patterson function confirmed correct orientation of the chains but it was difficult to deduce their proper termination and relative positions. An advance in clarifying the structure was made when it was found that all phases based on the chain structure fitted relations ~p(H) = 2nH.r 0 or ~p(H) = 2nH.r 0 + n, where r0~(0, 0.315, 0); a centre of symmetry at r 0 was then apparent, i.e. the hydrocarbon chains formed a centrosymmetrical arrangement in a non-centrosymmetrical structure. Thus, as the hydrocarbon substructure dominated the phases, a relatively small number of strong E's, used by MULTAN, combined only with each other and, as a consequence, sets of centric phases mixing both enantiomorphs were generated. Then it was considered that blocks of weaker reflections with correct phases had to be inserted to resolve details (such as oxygens of LA's and the TMP molecule) that did not fit into the chain lattice periodicity; consequently, the following procedure was adopted leading finally to the solution of the structure: (1) Based on chemical and packing considerations, the chains were cut to 12-atom lengths and subsequently shifted relative to one another in the e direction, while a low-resolution R factor [650 low-angle data with (sin~/2 < 0.315 A-1] was simultaneously monitored. The best chain model gave an R of 0.498. (2) To have better indication of reflections having phases other than 0 or n, the origin was shifted to r 0 and the partial structure factors, Fp, were calculated. (3) 69 of 93 reflections with I EI > 1.90 were phased by applying the symbolic addition procedure (Karle & Karle, 1966 , 1968 . Two groups of reflections were identified: group (I), characterized by Fo/Fp~l.O, comprised reflections which combined with each other to give phase indications of 0 or n, and group (II) of the reflections associated with Fo/F p > 2.5 and having probable phase values other than 0 or n. Symbols a-d were assigned to four reflections belonging to group (II), and they were evaluated at the end of the symbolic-phasing procedure as having values sufficiently different from 0 and n, a situation favourable for effective enantiomorph discrimination. (4) The 69 phases determined in the preceding step were used for phase extension and refinement by the tangent formula (program NRCO05: Huber & Brisse, 1970) Table 2 . The molecular packing and the atom numbering in LA 1 and LA2 are shown in Fig. 1 . The numbering scheme for the TMP is shown in Fig. 2 , which also displays the conformation of the molecule.
As mentioned above, the asymmetric unit contains two molecules of LA and one molecule of TMP. As two H atoms were found in the difference synthesis bonded to N(1) of the TMP, a proton transfer has occurred from one of the two LA's to N(1). Although H atoms of the LA's were not located, inspection of carboxyl-group dimensions clearly shows that it is the LA1 which is ionized [the C(1)-O(1) and C(1)-O(2) bond distances of 1.260 (4) and 1.248 (4) A are equal within the limits of accuracy] while LA2 remains protonated with the proton bonded to 0(3).
In the crystal (Fig. 1) , the TMP + cations are linked head-to-tail through an N (1) (6) 3448 (5) 2071 (2) 7.27 C(4) -1143 (7) 2569 (5) 2597 (2) 8.04 C (5) -1597 (6) 3093 (6) 3140 (2) 8.20 C(6) -581 (6) 2449 (6) 3675 (2) 8.34 C (7) -1037 (7) 2952 (7) 4222 (2) 8-95 C (8) 38 (6) 2439 (6) 4761 (2) 8.55 C (9) -423 (7) 2927 (7) 5303 (2) 9.63 C (10) 653 (6) 2491 (6) 5843 (2) 8. 49 C(l l) 165 (9) 2948 (9) 6384 (2) I 1.83 C (12) 1147 (8) 2578 (9) 6922 (2) 11.98 O(1) -963 (3) 5127 (2) 1115 (i) 5.44 0(2) -2778 (3) 3710 (2) 606 (1) 5.21 C (13) 2757 (6) 5098 (6) 2091 (2) 8.05 C (14) 3973 (5) 5522 (7) 2620 (2) 8.76 C (15) 3412 (6) 5036 (6) 3161 (2) 7.94 C (16) 4584 (6) 5433 (6) 3698 (2) 8.32 C (17) 4046 (6) 5013 (7) 4242 (2) 8.72 C (18) 5189 (6) 5425 (8) 4782 (2) 9. 19 C(19) 4691 (7) 4995 (7) 5336 (2) 9.36 C (20) 5797 (6) 5448 (8) 5865 (2) 9.04 C (21) 5269 (7) 5005 (7) 6418 (2) 10.00 C (22) 6496 (6) 5380 (7) 6945 (2) 8.51 C (23) 6039 (8) 4992 (9) 7502 (2) 11.95 C (24) 7380 (7) 5249 (8) 8016 (2) 10.33 0 (3) 1439 (4) 5881 (4) 1945 (1) 8.48 0(4) 3017 (5) 4057 (5) 1829 (2) 12.50 N (1) 2866 (3) 2234 (3) -534 (I) 3.43 C (25) 3510 (4) 3051 (3) 1002 (1) 4.18 C (26) 4313 (4) 4365 (3) -736 (1) 4.10 C (27) 3124 (3) 5145 (3) -401 (1) 3.78 C (28) 2692 (4) 4264 (3) 72 (1) 3.82 C (29) 1778 (3) 2918 (3) -140 (1) 3.65 C (30) 4848 (4) 2135 (4) 1215 (1) 5.28 C (31) 2102 (5) 3326 (4) 1502 (1) 5.51 C (32) 1735 (4) 1933 (4) 350 ( (4)A] which results in the formation of dimers. Thus, packing of two symmetryindependent molecules of LA within the dimers is parallel, while the dimers are packed in an antiparallel fashion which causes the formation of bilayers. Such an arrangement, which is reminiscent of molecular association in lipoidal membranes, gives rise to a pronounced interdigitation within the bilayer: many C...C contacts within the range 4.3-4.9 A involving the methyl and methylenic groups stabilize the bilayer.
The C-C bond lengths within the alkyl chains of LA's are significantly shorter [on average 1.493 (7)Al than 1.533 A (Bartell, 1959) and the C-C-C angles (Table 1) [
Thus, the conformation of the unionized carboxyl of LA2 is different from that usually encountered in a,fl-saturated carboxylic acids which prefer a synplanar placement of the 'carbonyl' oxygen (Z -~ 0°; Leiserowitz, 1976) .
Bond lengths and angles within the TMP + cation reflect a strain resulting from crowding of the methyl groups on the piperidine ring. Thus, the N(1) -C(25) and N(1)-C(29) bonds are significantly stretched [the respective distances are 1.521 (4) and 1.523 (4)Al with respect to the normal value of 1.499/~ reported for the N+-C single bond (Birnbaum, 1967) , or to the value of 1.497/~ as observed for the similar bond in the parent, unstrained piperidine hydrochloride (R+rat, 1960) . Similarly, the C(25)-N(1)-C(29) bond angle of 120.7 (2) ° is considerably wider than the usual value of about 112 ° and bond angles around C(25) and C(29) show marked deviations from normal tetrahedral angles, varying within 106.4-113.5°; a narrowing of the endocyclic angles at C(25) and C(29) is accompanied by a widening of the angles at C(26) and C(28). Consequently, the chair conformation of the piperidine ring is flattened. The puckering angle on the side of the N is about 48, while that_on the side of the C(OH) group is about 60 °. The flattening of the ring at N(1) is also illustrated by the asymmetry parameters (Duax & Norton, 1975) , AC2 [C(25) The above-mentioned bond-length, valence-angle and ring-torsional distortions have also been observed in the structure of 2,2,6,6-tetramethylpiperidinone hydrochloride (Rees & Weiss, 1971) and result from the need to relieve the very short intramolecular contact Hl(C33)...H3(C31) between the axial methyl substituents. In spite of all these adaptions of molecular geometry, this contact of distance 2.07 (4)A as observed in the structure is still highly repulsive and should actually be even more severe considering that the diffraction experiment gives systematically shortened C-H distances with respect to the internuclear distance of about 1.09 A. Other unfavourable H...H steric contacts, significantly below the sum of van der Waals radii (2.40 ,/k) and separated by at least four bonds, are: H2(C32)...H3(C33) 2.15 (5), H1(C33)... H(C27) 2.25 (4) and H3 (C30)...H1 (C26) 2.26 (4) A.
